Recent theoretical and simulation studies reveal that closely coupled antennas with appropriately chosen impedance matching loads can yield desired characteristics of small antenna correlation coefficients and/or high received power levels. However, no experiment has been performed to verify these claims.
1． INTRODUCTION
Multiple-input multiple-output (MIMO) systems received worldwide attention in the past ten years due to their ability to significantly increase system efficiency by using multi-antennas at both ends of a wireless communication link [1] - [3] . Nevertheless, as early as in [3] , it has already been mentioned the integration of MIMO technique into compact devices is restricted if the antenna spacing is below half a wavelength. This is because small antenna spacing leads to high antenna correlation and thus degradation in MIMO capacity. Moreover, strong mutual coupling (MC) between closely spaced antenna elements also results in changes in antenna patterns (thus antenna correlation) and loss of antenna efficiency [4] .
Intuitively, MC is a detrimental ingredient to MIMO systems [5] . However, it is claimed in [6] , [7] that MC can also be a positive factor to increase the MIMO performance under some circumstances. Recent studies [8] - [10] showed that correlation and capacity of coupled antennas can be greatly improved by introducing proper matching loads into the multiple antenna system. In [11] and [12] , the relationship between various load impedances and received power/antenna correlation is carefully investigated but no measurement has been implemented to confirm the presented numerical results. On the other hand, while the S-parameters of a two-monopole array were measured and used in a related study [13] , the matching networks were modeled numerically.
In this paper, a compact two-(quarter-wavelength λ/4) monopole array and five different matching networks are realized in order to experimentally verify the observed phenomena in [12] . Practical insights are presented on the role of impedance matching in the closely coupled antenna array. The paper is organized Conclusions are given in Section 5.
2． THEORETICAL PRELIMINARIES
The analytical equivalent circuit for two coupled antennas is showed in Fig. 1 are open-circuit voltages as determined by the surrounding propagation environment, and they are correlated due to the small antenna spacing. Under the assumption of identical antennas, the theoretical expressions of mean received power and output correlation are derived in [12] . In practice, the relative mean received power of antenna 1 P 1 for a uniform 2D angular power spectrum (APS) can be defined by far-field antenna patterns as in Eq. 1 
3． EXPERIMENTAL SETUP
System setup
The experimental setup is shown in Fig. 2 
Matching network design
The design of matching networks is the vital step in the project. We apply the well established single-stub 
Matching networks matching technique in [14] , [15] . For simplicity, the configuration of transmission line and parallel open-circuited stub based on a 50Ω transmission line is adopted.
Practically, the impedance matching networks are realized by making the appropriate microstrip transmission lines using double-side PCB boards. The width of the microstrip line is determined by the relative permittivity (ε r ) and the height (h) of the substrate layer, while the actual length design depends on the wavelength in the substrate dielectric λ e = λ 0 /√ε e , where λ 0 is the wavelength in the free space and ε e is defined as the effective permittivity of the dielectric interface, which can be deduced from ε r and the width-to-height ratio w/h. A number of empirical formulas exist for w and ε e , e.g. [14] , [15] , and we use those in [15] .
4． MEASUREMENT AND SIMULATION RESULTS
The monopoles and ground plane are modeled in 
CONCLUSION
The relative total received power and output signal correlation have been investigated numerically and experimentally by constructing a highly compact (spaced by 0.05λ) two-element λ/4 monopole array with different matching terminations. We showed that, despite some discrepancies, the measured results are generally in agreement with previous numerical analyses. The study confirms that load values could be optimized to combat performance degradation due to MC in compact antenna arrays, which improves the feasibility of incorporating MIMO techniques into small platforms.
